Background. Corrosive esophagitis injuries are a serious clinical problem with many agents used for diagnosis and treatment. Experimental esophagus burn models use a method described mainly in studies by Gehanno and Guedon, and modified by Liu and Richardson. Objectives. The aim of this study was to describe a new esophagitis model that prevents tracheal aspiration. Material and Methods. In this study we used 16 Wistar albino rats weighing between 220-240 g. The experimental animals were randomly divided into two groups: the model group (group M, n: 8) and control group (group C, n: 8). The necessary anesthesia was administered. Passing through a median laparotomy incision, the abdomen was entered and in group M and C the esophagus was freed and held by a suture at the gastroesophageal junction. After this procedure, about 1 cm proximal to the gastroesophageal junction, the esophagus was suspended by a suture. The esophagus segment between the two sutures was exposed to 0.1 mL 10% NaOH in group M and 0.1 mL saline in group C for 20 s. Ten days later all experimental animals were sacrificed and their esophagus removed. After dying with hematoxylin and eosine trichrome, the histopathological evaluation results for the rats in all groups were investigated with a light microscope. Results. Histopathological examination indicated submucosal collagen increase, damage to muscularis mucosa and tunica muscularis and collagen deposition. In the model group, the rats had high neutrophils and tissue damage accompanied by necrosis. In the control group, the rats had minimal or no tissue damage and fibrosis was not observed. Conclusions. Our procedure is relatively less invasive and easy to apply with corrosive esophagitis only in the required region, and at the same time treatment medications can be easily administered (Adv Clin Exp Med 2015, 24, 4, 637-641).
Corrosive material burns in the upper gastrointestinal system, especially in the esophagus, can cause serious morbidity and mortality ranging from stenosis to perforation. Mucosal burns and perforation, and sometimes mortality, can be observed due to caustic damage in the acute period [1, 2] . Chronic complications may include the development of stricture and esophageal carcinoma.
Accidental swallowing of caustic material constitutes a serious medical problem, especially in the childhood period. Of these cases, about 20% develop stricture over time [3, 4] .
Studies to develop experimental esophagus burn models have used an invasive model, described by Gehanno and Guedon [5] and modified by Liu and Richardson [6] . Apart from these, a non-invasive model developed by Erturk et al. has been shown [7] .
In this study we aimed to describe a new esophagitis model that prevents tracheal aspiration.
Material and Methods
This study was completed in the Canakkale Onsekiz Mart University experimental animal laboratory after all the required permissions were granted by the Canakkale Onsekiz Mart University Animal Experimentation Ethics Committee chairmanship. For the experiments, 16 Wistar albino rats weighing between 220-240 g were used.
The experimental animals were randomly divided into 2 groups; the model group (group M, n: 8) and the control group (group C, n: 8). Both groups of rats exposed to caustic burns were starved for 12 h before surgery. For surgical intervention in the rats, 50 mg/kg ketamine intraperitoneal (i.p.) and 5 mg/kg xylazine i.p. were administered for anesthesia. The abdomen was entered through a median laparotomy incision and in group M and C the esophagus was freed (Fig. 1) and suspended from the gastroesophageal junction using 3.0 silk suture (Fig. 2) . Later, about 1 cm proximal to the gastroesophageal junction, the esophagus was suspended by 3.0 silk suture (Fig. 3 ) and the esophagus segment between the two sutures was exposed to 0.1 mL 10% NaOH using a 27 gauge insulin needle for 20 s in group M (Fig. 4 and 5) . The rats in group C were exposed to 0.1 mL saline for 20 s. Before the next stage, the distal suture was removed and after 20 s the burned esophagus segment was washed with 10 mL saline. Then the proximal suture was removed, the abdomen was closed and the procedure ended. All experimental animals were free to obtain rat food and water as desired after the operation. Ten days later, all experimental animals were sacrificed under general anesthetic, the esophagus was removed and placed in 10% buffered formalin. Later, after routine histopathological examination, it was covered in paraffin and dyed with hematoxylin and eosine trichrome for examination. Four μm slices were made and these sections were examined with a light microscope. Histopathological examination for submucosal collagen increase, muscularis mucosa damage, tunica muscularis damage and collagen deposition was performed for all animals.
SPSS for Microsoft Windows (v. 15.0) was used for statistical analysis. Mann-Whitney U or c 2 tests were used to define the statistical differences between the histopathological parameters. Probability values less than 0.05 were accepted as statistically significant.
Results
The esophagi of the rats sacrificed on the 10 th day of the study were examined histopathologically and the results are shown in Table 1 . There was inflammation in 2 rats in group C. When compared to group M, the difference was significant (p < 0.05). Collagen increase in the submucosa was detected in one rat in group C and collagen was increased in the submucosa of 6 rats in group M. This difference was statistically significant (p < 0.05). Injury in the muscularis mucosa was detected in 2 rats in group C and in 5 rats in group M. In the model group rats, neutrophils and necrosis accompanied by tissue damage were present (Fig. 6 ). In the control group rats, tissue damage was minimal or not present and fibrosis was not observed (Fig. 7) .
Discussion
In our method, designed according to the histopathological results in this study, significant differences were observed in the model group in terms of the presence of inflammation, submucosal collagen increase, muscularis mucosa damage, tunica muscularis damage and collagen deposition compared to the control group.
Caustic agents have great capacity to cause damage to mucosal surfaces. Minor damage developing after caustic burns is characterized by simple erythema and edema of mucosal surfaces. However, it may cause deep tissue necrosis progressing to catastrophic perforation leading to mortality. Burns due to alkali agents, especially, may cause deep penetration and liquefaction necrosis of esophageal tissue [8] [9] [10] . In our study, to evaluate the effectiveness of our model on histopathological examination, characteristics such as inflammatory cell infiltration, muscularis mucosa damage and collagen deposition were researched. All rats in the model group were observed to have esophageal burns while, different to the control group, severe inflammatory cell infiltration was observed The most commonly used invasive model for corrosive esophagitis is the model of Gehanno et al. [5] However different modifications of this model may be used [6] . In this model, subjects are starved for 12 h before the procedure and laparotomy uses a midline incision under general anesthetic. After laparotomy, the stomach is found and brought outside the incision and the cardia and a 1.5 cm segment of the abdominal esophagus is suspended with silk suture material. Afterwards, advancing along the oroesophageal path, a nasogastric catheter is placed to reach the center of the suspended esophagus segment. Nearly 1.5 cm above the cardia, proximal to this segment, the esophagus is tied with suture so reflux will not occur. Afterwards, the front portion of the stomach and 0.5 cm away from the cardia is punctured and a cannula is located in the distal esophagus lumen. Thus an isolated segment is formed within the distal esophagus lumen with two catheters and NaOH is administered to this isolated segment. Later the esophagus is freed, the stomach is closed and the laparotomy is ended [5] . The difference with our model is that a nasogastric probe is not placed and an additional cannulation from the stomach to the esophagus is not completed. This completely isolates the esophagus segment to create the burn and removes the risk of tracheal aspiration and pharyngeal burns.
Before creating the esophagus burn in esophagitis, models by Erturk et al [7] . used an endoscope to measure the esophagus length of the rats and to create the burn using a Fogarty catheter within a guide. The balloon of the Fogarty catheter is expanded to close the entrance to the stomach. While they used 40% NaOH to create esophagus burns, our model used 10% NaOH. In addition, this procedure is extremely laborious and at any stage has a risk of esophagus perforation, stomach perforation and, though low, tracheal aspiration.
As described in the literature, it is technically not possible to administer 1-1.5 mL of chemical to a 1-1.5 cm segment of the esophagus [11] . The total volume of the esophagus in 300 g Wistar rats is about 0.3 mL [11, 12] . The amount of chemical agent should not be more than 0.3 mL for the lower part of the esophagus [13] . In our model, 0.1 mL 10% NaOH was used to create the burn and was observed to be sufficient. Our model does not have a risk of tracheal aspiration, as other models do. In addition, in the literature, while there are many cases of pharyngeal burns, in our study no rat was observed to have tracheal aspiration or pharyngeal burns.
This experimental research should be accepted as a starting point for studies examining broader experimental animal series and changes on longer timescales. In addition, the limitations of our study include that it is only histopathological, the rats were sacrificed after a short time so it does not Fig. 7 . Minimal inflammatory changes in control groups (H&E ×100) evaluate esophagus stricture that may develop in the long term, and there is no sham group.
In conclusion, research and discussion on the treatment of corrosive burns of the esophagus should continue. We hope the model we applied provides a positive contribution to these studies. As planned in our model, corrosive esophagitis was observed in only the distal part of the esophagus. In other models, more than the end part of the distal esophagus, burns are created in the whole esophagus. Our model is relatively less invasive and easily applied, providing corrosive esophagitis in the desired region and at the same time allows easy administration of treatment medications.
